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Global Seismic Network Assessmient for Teleseismic
Detection of Underground Nuclear Explosions

Hans-Peter Harjes
Ruhr-University Bochum, F. R. Germany

ABSTRACT

The detection capability of a global seismic network is examined on the basis of a
probabilistic model: Given the location of se’smograph stations with known background
noise level, a worldwide grid of epicenters, and amplitude-distance attenuation curves, the
detection capability is expressed by the magnitude corresponding to a fixed probability
that a specified minimum number of stations detect an event.

A globally distributed network of 50 stations is selected and multiwave detection cri-
teria are applied which take variation of attenuation for different wave types into con-
sideration. The extension of amplitude-attenuation curves to include core phases ic inves-
tigated and effects of regional attenuation are studied. Depending on the detection cri-
terion and attenuation curve, magnitude thresholds of a 50-station network canﬁigniﬁ-
cantly'Xary. Vary
= The largest influence, however, results from changes in station noise data. Reliable
estimates of noise statistics can only-be deriveé;frorﬂ continuous measurements in connec-
tion with routine event readings. An indirect method to calculate noise parameters is
demonstrated by using station detection thresholds. After estimation of noise statistics
from station reportings to the International Seismological Centre (ISC)” for 1980,

predicted magnitude cetection thresholds and empirical values are in good agreement. ¢

Magnitude thresholds for teleseismic detection range between 4‘0<mb<4‘5 in the
northern hemisphere ard between 4.55m;<4.9 in the southern hemisphere. Model calcu-

lations show that these threslolds can be lowered at least half a magnitude unit after
current seismological instrumentation and observatory practice have been improved.
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; I. Introduction o
k 'u"‘:
Al "Although seismological capacity for identifying underground nuclear explo- ‘...:f':
. i sions may now be secondary to the political will of parties engaged in :::-::
"N ' Comprehensive Test Ban negotiations it is still important to present the .:
;Q * clearest possible evaluation of the role seismology might play should a )
— Comprehensive Test Ban become reality.™ 3
bt N
2 This quotation from a 12 year old paper (Marshall and Basham, 1972) is still an -
adequate description of the general purpose of studies on seismic verification of nuclear _'-:
N test ban treaties. In a more specific sense we want to assess the detection threshold of a {'_'_«
network of modern seismic stations. Detection thresholds will be given in terms of magni- "
. tude. Therefore, thresholds described herein apply to both shallow earthquakes and :__-_i
:C:- underground explosions without regard to source type. The important questions of source \:::-
- identification and yield estimation are not addressed in this paper. Previous detection :::
. studies include the SIPRI-report (Davies, 1968), an analysis initiated by the United o
:::- Nations (Basham and Witham, 1970), and a report of a group of seismologists to the N
Corference on Disarmament in Geneva (CCD/558, 1978). All of these assessments .
i present conceptually similar schemes whereby worldwide existing seismological facilities
e are applied to a straightforward statistical estimation model: Given a globally distri- "
buted network of seismegraph stations with known background noise level, a set of epi- o
. cente. locations, and standard amplitude-distance attenuation curves for seismic waves, T
i the detcction capability is expressed by the magnitude corresponding to a fixed probabil- E
ity tha’ a specified minimum number of stations detect an event.
i
j':' A second group of papers (Kelly and Lacoss, 1969), (Report US/GSE/7, 1980) el
2 describe a different approach to examine the detection capability of a seismic network by i
including average worldwide seismicity. Using known earthquake recurrence rates a syn- <
thetic list of events is produced as a reasonable approximation to those actually observed e
o in a specific time interval. Keeping station parameters unchanged, this method allows an '::'
independent check on the results of studies of the first kind. ‘_:5
& oY
~ Finally, a third procedure starts from real data collected during special experiments ;-:‘.
— (Lacoss et al., 1974) or published in bulletins by international agencies (e.g., Intirnational —
i Seismologi:al Centre (ISC) in Newbury, UK) and estimates detection thresholds with the S
& use of gaussian or maximume-likelihood techniques (Ringdal et al., 1977), (Ringdal, 1984). «
*
\_. Detecticn capabilities of seismic networks differ substantially as a result of these D
' various approaches, in general the detection threshold increases in the order of the v
. described procedures. Some reasons for these differences are obviously due to the differ- r
EN ence between operational station performance used in the last approach and the idealized -
~ assumptions based on pure noise statistics which are input to the process mentioned first. :_;‘
. Smailer discrepances simply reflect the difficulty in making this type of estimate and S
. should be kept in mind in judging on the accuracy of the results. A
=y
B 9 .
' r-*
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i m This report has three main purposes: B

e, e

' (i} To examine recently published approaches to network detection N

N capability estimation by using multiwave detection criteria. A computer :::\::

- coded version of this procedure (Ciervo et al., 1983} was made available RS

" at the Center for Seismic Studies (CSS) in Arlington, VA. This code, -:;{

" called "Seismic Network Assessment Program for Detection (SNAPD)," .

S not only models the propagation of p-waves which were employed in pre- 1

vious programs (Wirth, 1977) but takes all relevant seismic phases into :::.::

account and calculates wave attenuation and travel time as a function of -:::-’

regional media characteristics and event type. E‘\-

" (if) To study the influence of geophysical input parameters on the out- NS

- come. These parameters include especially the amplitude attenuation N

kg curves at teleseismic distances and also the extension to core phases. :::::

i Variations of attenuation in tectonic and stable areas at regional dis- _:"-:

'_':': tances are of special importance for detailed epicenter-staticn configura- S
" tions. Special attention will be given to amplitude attenuation curves ‘

derived from seismograms of underground nuclear explosions; otherwise -::5'_'

earthquake data are included using shallow events.

(i) To reconsider the results with most recent station data which e
=2 became availablie after installation of a large number of digitally recording X
. seismographs. Some conclusions can already been drawn from the data
reported to the ISC for 1980. These data are used to compare

- maximum-likelihood detection estimates (Ringdal, 1984) with results oo
from the new network detection code. rs
'}

[ II. Analysis of Network Detection Probabilities 9
’ -
A\ S
. . . . . . . “.\

o The statistical model and basic computational procedures are described in this see- ,-_:
S tion. The model includes various parameters to be known ai the beginning. The most e
~ important are: A
; e Seismic station locations and their noise statistics (mean and variance) e
- e Amplitude distance relations for several phases (besides p-waves and R- ':_::
waves the prominent regional phases pg and lg are used) o

W ¢ Signal-to-noise ratio required for detection. o
: B
o The procedure is then to do the following: T
- e
o~ e Select a source locatior and compute detection probabilities for each station s
as a function of event magnitude. o

-~ e Find the lowest magnitude for which there is a defined probability to meet e
' the specific detection criterion. (The most frequen‘ criterion for global o
) detection studies asks for a 90 per cent probability of detecting p-waves by ;
0 at least four stations.) o

a 0N OO0 00m 00 S SRS
. e .' -- .-."...\-" .n. ‘.‘ ‘-. ’.. ‘-- '-. .-- - "..“.- .-‘ ‘h.:‘
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First, a single station is considered and the probability thai it detects a certain wave
is derived. Then the multiwave detection probability and the network capability are
defined. We closely follow the notation by Ciervo et al.,, (1983). Further details can be
found in Wirth, (1977) and Elvers, /1980).

Pijk denotes the probability that wave k propagated from epicenter j will be observed at
statlon i. It is giveu by

a
IOgAig‘k)_(”ikHogrik)

/an”‘ +a‘ﬂ+abk

where

is the normal cumulative probability function.

In Equation (1) signal and noise are assumed to be log nogmally distributed and the
log of the noise amplitude has expectation I’ and variance o, and the log of the signal

variance is 0,. 0, defines the additional variance of the log signal amplitude for wave k,
given an m, value; hence abkEO if k denotes the p-wave. A station i is supposed to
detect wave k provided that the ratio of signal to noise is at least ri

Given an event at epicenter j of magnitude m, and distance A from station i, the
amplitude of wave k at that station is calculated as

logAigi)=mk)_+b,£a)(A‘.j) te ,Ea)log(A‘.].) e,y (3)

for both stable (@=S) and tectonic {&=T) media. For waves other than conventionally
used p-phase m, has to be converted into an adequate magnitude me given the respective
regression formula

my =(KE] +[EM],m, (4)

The bk and €y in Equation {3) are attenuation table entries, and €5k is the epicenter-
station calibration term for wave k.
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o i If wave k does not require regional attenuation or if A>25deg then logAi. is comn- ity
g puted directly from (3) using a stable medium attenuation tabie. Otherwise for regional )\
; ¥ | distances (A<25deg) XN
I v 0y
3 (5 (1) o
o, —(1_ . . VAN
. X logA‘.].k--(l w‘.j) IugA'.].,c +w‘.‘1.logA‘.jk (5) Yo
'\ ‘.li
N 5-“ where w.. is the regional path weight; i.e., the ratio of the length ol the wave path in tec-
% \i ) 8 p 8 T
:.’S tonic meéia to the total great-circle path length A‘.J.. Lispecially if the epicentral path is o
"’2 e assumned to have passed a region that everely attenuates lg-waves, then logA‘.].( 1)~ 0 e
) -
. If the attenuation table entries are 6,,b, ,¢,, =,
E‘ - then for 6k—1<As'j<6ic o ‘
3
: ' bAi.,.Ebkanchb.:ck (6} i
L] >,
X ity
["-,, ,.‘~ exceph that if ck=0, lineay interpolatiun is vsed for b: :.if:‘

bA,.fbk_(&k‘A.‘j)[bk_bk—ll/(6k_6k—1) (7)

Fas
7
b \‘ [
ang g q g o o Ry
The station’s probability of detection p‘.].k, given by Equation (1) is influenced by I‘;;.;,

the reliability R; of its operation. Pk includes therefore, a factor R ,0<R.<1. R is of
course dependent on a number of local circumstances which are not well known. Usually
we set R‘.=1, assuming perfect operation.

e
%

Given the probability for a single station to detect an individual wave, we have to o
develop a procedure for multiwave network detecticn criteria that use combinations of
dependent wave arrivals at individual stations. An essential feature in the development of

the model is the assumption that a minimum of four phases (not more than two of which :
are recorded at the same station) are required for detection assessment. A hough relaxa- ‘.
tions of this requirement are possible, they do not seem to bLe desirable with regard to O
later location procedures. o
As an example we illustrate the detection criterion :':;;

iy

LOC»

(p,MI)/2Jp/4 (8) DR

o had

e

oy

which literally means that a network detection consists of at least a two-statjon detection .
of pg and lg regional waves or at least a four-station detection of p-waves. Expression (8) o

consists of two subcriteria:
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Y=, N1 /2 = p/4

which specify different wave combinations.

The detection criteria such as Equation (8) have to be decomposed and reduced to a
set of canonical probabilities. Therefore, the logical expression (8) is transformed irto an
algebraic expression involving the marginal probabilities of independent subcriteria and
the joint probabilities of depend«nt pairs of subcriteria. This transformation eliminates
all logical "or" (U) among subcriteria by use of the elementary rule

prod [Dl/nUDz/m] - prob[Dl/n I+ prob[Dz/m] (9)

—-prob [Dl/nﬂD2/m]
. 1 2 q
where, if D™ and D™ have no waves in common
1 2 1 2
prob (D" /n\D"/m | =prob [D"/n | prob [D"/m | (10)

In case of Equation (10) independent calculations for each individual wave define the
protubility prob[D ] that exactly n out of N statioiis detect wave combination

D". If, however, the detectlon subcriteria D' and D have waves in common like
1,/2p/1)Up /4

then computation of the joint probability (10) does not split into independent, probabili-
ties.

. 1 . .
Clearly, the probability prob|D™/n] of at least n detecting stations follows as :

N
prob [D'/n ] = B, gt D (11)

3

Thus, we need ouly to compute the probability of exactly n detecting stations.

In a concluding step a binary search is used to find the magnitude value that results
in Py the threshold probability for network detection. Let m. be a sequence of test mag-
nitudes m min <m <m max such that each m, results in a network detection probability
p;. Initially m ——m min 1 pIZpt, the qearch is terminated; otherwise m

=m .2 and if
pzépt, the search 1s also teriminated. Assuming P{<P,<pqy
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mx‘.' = (m'-_1+m )/2 '=1,2:3," “".‘""l
N
where, if Py is less than p,, m is the last test magnitude for which the corresponding _.‘:-:
network probability is greater than Py and vice versa. :n:::-;:
# l':“;
The search is cont'nued until =1 is reached such that .
A
| p+—p,| <e i
RS
corresponding to a threshold magnitude m . i
‘ I-. I\
e
II1. Detection Capability of a Global Network ::}:.'_
PR
In selecting a network for detection of seismic cvents baied upon existing seismo-
graph stations, it is desirable to o
/.-‘
e arrive at a relatively uniform geographical distribution of stations
¢ select stations with modern instrumentation and optimum detection capa- e
bilities. o
S
With these criteria in mind a selection of relatively few stations is considerably more o
. . . o . i, .
effective than using all (about 1000) stations that routinely report to one of the interna- b
tional data centers. In a previous report (CCD/558, 1978) a network of 50 stations has o

been composed which was judged to produre the best seismological results currently
achievable for teleseismic detectior of seismic events.

These stations wiose geographical distribution is shown in Figure 1 and whose coor-
dinater and further parameters are given in Table 1 are used as a reference network in our
study. 'The global station distribution is not as uniform as desirable having 36 stations in
the northern hemispliere compared to 14 stations in the southern hemisphere or 31 sta-
tions in the eastern hemisphere comparcad to 19 in the western hemisphere, but it reflects
to some extent the distribution of land masses on earth.

Mean value and standard deviation of logarithmic station noise which are used to

. calculate station detection probabilities from Equation (1) are also included in Table 1 Fosl
P {columns 4 and §). Due to the quoted report {(CCD/558, 1978) average noise levels were Sl
NI partly derived from published noise power spectra, partly estimated from magnification o
3 curves of seismographs. Because of lack of adequate measurements an adhoc procedure "F
b o was used to estimate the variance of the station roise; those stations with higher noise Lok
g, level were also assigned greater variance. - R
- o,
T e 5o o
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As can be seen from Equation (1) it is the combined effect of variance in noise
amplitude and signal amplitude which influences the staticn detection threshold; it
decreases as the denorninator in Equation (1) is increased provided that the detection pro-
bability is less than 0.5, and vice versa. For the network the detection threshold generally
decreases vvhen signal or noise variance is increased. For the 50 station nctwork - intro-
duced in Figure 1 and Table ! - a constant value for the standard deviation of signal
amplitude (0.2 in logarithmic units) was used. Test runs showed that doubling this
parameter to 0.4 result in a very small ditference of the network detection threshold (not

excceding 0.1 magnitude unit). Conscquently, network capability is not very sensitive to
this parameter.

There are two other input parameters to Equation (1} which are to be assumed in an
adhoc manner: the reliability factor R describing grossly the station operation (up-time)
is set in our calculations to 1.0. Earlier studies {(Ringdal et al., 1977) have estimated this
parameter to range from 0.8 to 1.0 for most of the stations selected for our nctwork.

A minimum signal-to-uoise ratio has ta he chosen to detect seismic signals emerging
from background noise. Throughout this study a s/n ratio ( r; in Equation (1) ) of 1.5
was chosen. The capability results are easily transformed to correspoud to other s/n
ratios, since this parameter occurs as a difference (m——logrik) in Equ: jon (1). Thus, a
simple relationship exists between the chosen valie of r. i and the corresponding magni-
tude level. If r, is increased from 1.5 to 3.0, for example, the threshold will be increased
by (log3—logl.5)=0.3 magnitude units.

a. Amplitude-Attenuation Curves at Teleseismic Distances:
25deg<A<100deg

Several investigations of amplitude attenuation with distance have
been made since the pioneering work of Gutenberg and Richter, (1956).
According to their paper we will summarize amplitude-distance relations
from Equation (3) in the form

B (A) = b (A)+clog (A)

So we can interpret B-values in terms of magnitude units.

in Figure 2 the results of Evernden and Clark, (1970), Veith and
Clawson, (1972) and NORSAR ( ) are compared to the Gutenberg and
Richter curve. Whereas, Evernden and Clark as well as Veith and Clawson
use mostly explosions and a station network of mainly LRSM-stations in
the U.S., the NORSAR-curve is derived from observations of telescismic
events at a single array site.

All curves have been arbitrarily connected at regional distances tc

o &
focus upon the differences in the teleseismic window. The principal differ- ;:.-:“
ence between Veith-Clawson and NORSAR curves on one hand and oAy
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‘ e
= Gutenberg-Richter and Evernden-Clark curves on the other hand appears in ‘-_'D'-‘.i
s the fact that the former smooth amplitude variations from mantle discon- "]
- tinuities, whereas the latter indicate several step-wise changes in ainplitude "}_._?
. as a function of distance. The difference between Veith-Clawson and NOR- "*',_.f
':r{ SAR attenuation curves is nearly a constant 0.1 magnitude unit over the ',:':,
- whole teleseismic range. This may result from the fact that the Veith- ::.’_:-:

- Clawson curve was corrected for surface focus events; in comparisor:, the ) .
NORSAR curve comprises measuremerts from shallow zarthquakes. The Ryihi
" obvious distinction between the curve of Gntenberg-Richter and Evernden- :'.'_1.: -
Clark appears in the far teleseismic portion where a difference of 0.3 magni- :{
§ tude units can be found. This is a consequence of the way Evernden and .‘.':::'::f
Clark have chLosen to normalize their data. ;' "

r:: Some of these differences can be seen in the network detection capabil- Ot

o ity which is shown in Figures 3-6. Using a 15 deg epicenter grid the 90 per
c:nt probability of at least four detecting stations was calculated. For the

. NORSAR attenuation function (Figuve 3), which will be used as a reference
curve in this study, the magnitude thresheld is estimated to be from m, 3.4
to 3.7 in Europe and Scandinavia, m, 3.7 to 3.8 in North America, Asia,
and Arctica, m, 3.7 to 4.0 in Africa and most parts of South America,
whereas we get values up to my=4.5 in the Pacific regien. The slight differ-
ence between the eastern and western hemisphere (about 0.2 magnitude
units) as well as the large difference of more than one magnitude unit
between the northern and southern hemisphere mainly result from the sta-
tion distribution of the network. The high station nuise at the sites in the
Pacific (New Zealand and Samoa) gives »n additional contribution to the
low detection capability in the southern hemisphere.

7,
v

7y

»

As expected frem the preceding discussion of attenuation curves
(Figure 2) detection thresholds for the network increase globally by 0.1
magnitude unit using the Veith-Clawson data. The Evernden-Clark curve
has a remarkable effect in lowering the detection threshold in the southern
hemisphere by abouti 0.3 maguitude units (Figure 5), again not unexpected
from the shape of the attenuation curve which shows pronounced lower B-
values at far teleseismic distances than any other attenuation cur.. in Fig-
ure 2. Finally, Gutenberg-Richter curve yields detection thresholds (Figure
6) very similar to Veith-Clawson curve (Figure 4).

o G A R g Y P T e W W e s T I R DR R, T T W AT S L L
‘e w 2, f
W 3 B . .

s

Pl U il e

. We can conclude from these calculations that step-wise changes in the

attenuation curve do not significantly effect the global detection capability
of a 50-station netwoix. Of course these discontinuities have remarkable
) focussing-defocussing effects for specific epicenter-station configurationus, but
these are smoothed and can not be resolved by global grids of 15 deg size.
These peculiarities are better implemented by use of epicenter-station cali-
bration factors expressed by €k in Equation (3).

O R B T am W VWG W R e

For all computations we kept the probability level at 90 pcr cent. In
o changing this parameter one can significantly influence detection thresholds
P 8
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(of course the seisriological capability is not changed at all). At the 30 per
cent probability level (Figure 7) we get 0.2 - 0.4 magr'tude units lower

o A5,
-
] bl
oa P

threshelds compared to the commonly accepted 90 per cent probability o

N level. s

t 8 Dy

LY L , O

S Another way of demonstrating this difference is to calculate the net- o
work detection probability for a fixed magnitude value. Figure & shows the

iu global distribution of probabilities to detect a magnitude 4 event. Besides ,::-\.:‘_

o Antarctica, New Zealand, the Pacific islands, and the tip of South America S

. the chance to detect events on land down to this size at (i least) four sta- \

7 tions is higher than 80 per cent. RS

A w8

b. Extension of Amplitude-Attenuation Curves beyond 100 cie; O

o Distance

The most prominent result of the last section is the clear difference in

e detection capability between northern and soathern hemisphere regardless N
' what type of attenuation function was applied in the teleseismic window. e
" To reduce the detection threshold in the southern hemisphere a substantiai :".'_‘
o increase of the nuinber of stations in that region has often been recom- -S;:
e mended. Although this is a solution in principle, there are several practical ;\:
. problems with its realization. The major part of the southern heiisphere is f:
i covered by deep ocean areas where installation and maintenance of seismo- :
graphs is still difficult and expensive. Islands are known for a high microse- A
ismic noise level and poor detection capability. ;{_‘
o . o . _ N
An attracive alternative for improving the detection capability in the o
southern hemispliere is provided by signals which have travelled through the )
- earth’s core and are routinely detected at stations beycnd 100 deg distance. T
In a specific window, i.e.; 142 deg<A <152 dcg these refracted core phases 570
offer even better detection possibilities than earlier described direct p-waves. ‘;}'_-k
) Numerous studies have shown that observation of high amplitudes for vari- S
ous pkp-branchcs can be a poweridl tool in lowering detect’on thresholds. :‘_{,:'
(Blandford and Sweetser, 1973), (Quamar, 1973.) This can easily be __._
~ demonstrated with a seisimogram of a French . :lear undergrcund explosion "o
he exploded at Mururoa atoll (21 S,140 W, and recorded with the Graefenberg S
array in Germany (A=143.7deg). Figure 9 shows a recording at all 13 _:'
"o, vertical elements of the array (for a more detailed des:ription see Harjes :::::'
o and Seidl, 1978) and the beam-trace on top from which a displacement T
amplitude of 4 nm at a period of 0.8 sec was measured. - "
v :::'.
ot In comparison Figure 10 shows recordings of the same event by the o
' RSTN-stations in North America. These stations (Engdi.hl et al., 1982) are T
5 new borehole installations and include seismometers (Geotech S-750) with ¢
N high sensitivity in the short-period baud. Traces are aligned to the theoreti- 3
A cal arrival time of the p-wave which is marked by the cursor line. The sta- ":lj
.j-: » tions have a distance of 73 deg to 88 deg from the event. Neither the origi- ::\,
:::: ';‘ nal (upper part) nor the narrow-band filtered (lower part) traces meet the N
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detection requirements set in our calculations. Correspondingly, this event ala

ﬂ‘ was not reported by irternational data centers which restrict their :vent- o 2
" defining association process to p-arrivals within 100 deg distance. P
e

Figure 11 shows the summary of station reportings for this event -:::»':
- available from GTS/WMO-channels at the CSS. The association progrim ::-_‘:
. implemented at the CSS found the questionable event by using pkp- : -
o observations from three stations in Europe (including GRF). With the N
. q q 0 0 q S

detection criterion we applied in the preceding paragraph (at least 4 p-

. detections) this event would have been missed. N

, 5

Consequently, we amended amplitude-distance curves beyond 100 deg
as shown ir Figure 12. There are two curves from different sources (Bland- =

} ford and Sweetser, 1973), (Ringdal, 1484) which show a great similarity ;:.:Q:'
5 although Blandford and Sweetser’s curve is based on a much more general :-'_::-',
) .ata base (ISC) than Ringdal’s data whick are derived only from NORSAR AN

:_«’ observations. Detection threshold estimates for the 50-station network cal- i

culated with thesz attenuation curves differ less than 0.1 magnitude unit.
Israclsson, (1984) recommended the requirer..ent of at least one p detection
additional to pkp-arrivals to define an event to avoid large location errors

O s
“

8 because the stations observing pkp might be -lustered in a narrow geograph- '.::':','
ical area. Figure 13 gives the network detection capability for detecting at ")

= least 4 p- or pkp-arrivals, one of whicli has to be a direct p-wave, i.e., 9

! obsein  at a station within less than 100 deg distance of the event. This T

result ¢. directly compared with Figure 3 because the attenuation func- ::‘\-::

e tions are identical up to 100 deg distance. o

=

The inclusion of pkp-phases yields a large decrease of the detection ':::

' threshold for the southern hemisphere (0.3 to 0.5 magnitude units) and
W divides the difference in detection capability betwesn northern and southern

<

hemisphere by half compared to the only use of p-arrivals within 100 deg t‘_-.
- distance. ‘_::.:-.
;:- .:::.
c. Variation of Amplitude-Attenuation Curves at Regional Distances 'N’
- )
ol In discussing the influence of varying teleseismic attenvation functions o
on the network detection capability we always used the same curve for -
> regional distances (A<25 deg). Although the teleseismic part (including o
ad pkp) will be most important for a global network regional differences will .
have some effect in areas (Europe and Scandinavia) where the 50-station ?-‘“
5 network is highly represented. These areas give us the opportunity to stady
'.:‘ the effect of different regional attenuation functions which, in a gross sernse,
represent "stable" (i.e., high Q) and "tectonic" (i.e., low Q) provinces.
. The distinction was initially introduced for the Nortli American con- "
’ tinent taking into account thz different crustal structure in westera and e
eastern U.S. (Evernden, 1967). In this section we discuss only the influence :b::
} of variaticns of p,-wave which is seen as the first arrival on regional :;‘j
e}
. 3
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seismograms recorded at distances greater than 1 deg. To emphasize the =
difference rather extreme representatives of published attenuation curves .
have been used, namely Evernden’s "8.5" curve (Evernden, 1967) derived -
from data in the eastern U.S. (b=-0.83, c=-2 in Equation (3)) compared to X
ap, attenuation curve d- . 1 from data in southwestern U.S. (Der et al.,
1982) which yield b=0.1v~ and ¢=-3.803. Thus, th main difference
between these two types of regional attenuation curves is that he "stable"
p, drops off as the square of the distance while the "tectonic" curve
decreases more rapidly, :1lmost with the fourth power of the distance. X

Another peculiarity at regional distances is th2 relative maximum in
the amplitude-distance curve as a result of the 20 deg discontipuity which is
observed worldwide with differing prominence (Gutenberg and Richter, "
1956), (Veith and Clawson, 1972). To emphasize also the effect of the 20 -
deg discontinuity the Veith-Clawson curve has been appended to Evernden’s -
curve in the distan.: range 17 deg<A <25 deg. On the opposite side the <
"tectonic" ~ttenuation cirve ha: been smoothly connected to teleseismic :“
distances without consideration of a 20 deg discontinuity.

Our final regional extensions of attenuation functions are plotted in
Figure 14. It is again noted that these curves are artificial compositions to .
show the most pronounced effect on network detection capability. The
result can be seen in Figure 15 and Figure 16 which are to be compared to
Figure 13. Using specified regional attenuation curves generally increases ‘e
the influence of station distribution. Global differences of detection thres-
holds are pronounced in Figure 15 which shows the influence of a "stable"
(Evernden "8.5"+ 20 deg disc.) regional attenuation curve. At close-to-
station distances detection thresholds are decreased by up to 0.2 magnitude
units as compared to Figure 13. On the contrary detection thresholds are -
increased for most parts of Eurasia and America by up to 0.2 magnitude =5
units for a "tectonic" attenuation curve (Figure 16). Worldwide, this
attenuation curve smoothes the difference in detection capability between
northern and southern hemisphere, certainly a result of our station distribu-
tion.

"

P

In summery regional variation of amplitude attenuation curves can
change the detection threshold of a global 50-station network by as much as
£0.2 magnitude units.

,, .....
1Y Pete it
& - _F &

.r

IV. Regional Detection Probabilities of a Global Network

e

S

R
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Although this paper mainly deals witis telescismic detection capabilities it is interest-
ing to investigate to what extent the magnitude threshold of a global network will be
influenced by including other than P, phases. It should be mentioned at the beginning
that this section is intended as an amendment to teleseismic capabilities. To study the
full potential of regional waves for detection purposes a regional station networx has to be
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introduced. This 1s beyond the scope of this report and for details on this matter we refer
to excellent recent review articles (Poineroy et al., 1982}, (Blandf. -d, 1981).

It is well known that the largest amplitudes on a : hort-period regicnal seismogram
occur within the lg-wavetrain which may be interpreted as a superposition of a large
number of lhigher mode Love and Rayleigh waves - lg-amplitudes can be ten times larger
than the maximum amplitude of the first arrival (p-wave) at the same distance and in the
same period band around one sec. The actual amplitude can drastically vary due to local
geology. An extensive literature exists on amplitude-distance attenuation curves for lg for
various regions of the world (for reference see the above mentioned review articles).

Again, we extract two extreme representatives of published curves to examine the
effect on tha detection capability. As representing "stable" regions with low attenuation
we choose an attenuation curve published ‘b)y Nuttli, (1973). Nuttli derived an amplitude
decay with distance proportional to A (0.5deg</A<40deg) corresponding to the
shape of well-known "Prague"-formula (Vanek et al., 1962) adopted by IASPEI to be
used for teleseismic Rayleigh wave observations. However, Nuttli derived his curve from

observations of onel sec lg-waves in the eastern U.S., whereas the "Prague"-formula is
valid for Raleigh waves around 20 sec.

For crustal structures in "tectonic" provinces like the western U.S. an amplitude-
distance decay for lg proportional to A = was observed (Der et al., 1982). The selected
attenuation curves are plotted in Figure 17. In estimating detection capabilities by use of
lg-waves it has to be mentioned that its amputude is not only regionally varying but that
it also can be totally squelched. Representing a wave guide phenomenon lg-propagation is
seriously effected by variations in crustal thickness (mounteins,ocean-continent and/or
tectonic boundaries). To take these inefficient wave paths into account a much finer than
the 15 deg x 15 deg grid used in our calculations has to be applied.

We want to examine whether inclusion of lg-waves has an effect on a global network
at all. If there appear regional improvements of the detection capability these have to be
verified by considering the corresponding regional crustal structure. Because we want to
insist on teieseismic detections we use lg-detections only if at least one station of the net-
work observed a telezeismic p-wave ( A>25 deg). So we required at least two Ig-
detections and 1 teleseismic p-detection or four p-detections. As lg is observed on all
three components of ground motion an azimuth estimate can be calculated and two sta-
tiors «ro sufficient to roughly associate the event origin. An event is declared if at least
one p-observation at teleseismic distan~<s confirms this association.

Figure 18 and Figure 19 show the detection capability using this criterion for
Nuttli’s and Der et al.’s attenuation function respeciively, in comparison to Figure 15 and
Figure 16 which show the corresponding p-wave detection results thresholds are lowered
by 0.1 to 0.3 magnitude units. Again, it should be emphasized that these improvements
are irrelevant if they occur in oceanic areas because lg-waves disappear after crossing
approximately 100 km of oceanic structure. Restricting the evaluation to continental
areas only it can be seen from Figure 18 and Figure 19 that the detection threshold is
mostly influenced in the southern hemisphere where occasionally two stations are located
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at regional distances. In Europe and Scandinavia we reach already a high capability for
four p-detections which is not significantly improved by the additional (two lg and one
teleseismic)-detection probability. Finally, it might be mentioned that the detection
difference caused by the difference of the two attenuation curves (Figure 17) is only mar-
ginal.

V. Station Data

After discussing the influence of amplitude-distance curves on network detection
capability the remaining factor which determines detection thresholds is the noise statis-
tics of stations. Published magnification curves or spectral estimates fromn short time
windows formed the basis to estimate these values. More reliable data can be obtained by
actually measuring the performance of each station over an extended period of time.
Unfortunately noise measurements are not reported regalarly by stacions, so an indirect
method was applied to estimate those from station detection thresholds. The data base of
the International Seismologica! Centre (ISC) for 1980 was used as a reference system and
ciation detection values computed by Ringdal, (1984) were taken to derive station noise
values. The following procedure was used:

e given : station detection threshold log A/T

e calculate : amplitude of detection threshold A at T = cne sec
e assume : signal-to-noise ratio r for detection

o deduce : station noise amplitude

Before discussing the result of this procedure it has to be verified that the selected
stations reported to the ISC in 1980. In column 6 of Table 1 the number of teleseismic
detections published by ISC is listed for all stations belonging to the 50-station network.
Of course no noise estimate can be deduced for stations which do not appear in this list.
Fortunately, for some stations we could find a nearby substitute. They can be recognized
fromm Table 1 having additional station names in brackets which were the original ones
selected in our 50-station network. Finally, we were able to calculate "operational” noise
statistics (MLE-SP noise in Table 1) for 40 stations which c2n be seen to differ substan-
tially from earlier estimated figures (column 4 and 5 of Table 1). The difference can
casily be demonstrated in Figure 20 which shows a histogram of noise data we used in
network detection siudies as thick lines compared to our new values (dotted lines.)
derived from Ringdal’s maximum-likelihood estimates (MLE) of station detection thres-
holds. The "operational” noise values represent much closer a normal distribution peaked
around 0.8-0.9 {corresponding to 6 nm - 8 nm) than the original data which showed 12
stations with a mcan noise value of 2 nm. It might be mentioned that the shiit of very
sensitive stations (like LAO and NAO) is biased by taking the ISC-bulletin as reference
because part of their detections do not meet the event defin’ - criteria of the center. But
this restriction of our procedure has little influence on the  owing discussion as the net-
worl: capability is largely Jetermined by the g:neral increase of noise values.

To elaborate further on this difference of noise estimates we examined data from
our German stat.on at Graefenberg (GRF). We could use an adequate data set while
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GRF participated in a Common Data Base Experiment (CDBE) which was conducted by
Sweden under the auspices of the Geneva group of seismologists during the time period
Oct 1 - Oct 15 1980 (Barkeby et al., 1981). Figure 21 shows a power spectral density
(PSD) plot of noise measured at GRF during the time period of that experiment. This
spectrum represents an average over 20 noise samples taken in time intervals of four min
between 00:00 h and 01:30 h on Oct 10. Kach noise sample was computed from a2time
series of 2048 values (At=0.053ec) muitiplied vy a cosine-window. We read 0.4nm”/Hz
at 1 Hz from this PSD-plot. Assuming normal distributed noise we calculate an average
zero-to-peak noise amplitude using following formula (Taylor, 1981).

averageO—p—amplitude = [2BW(Hz)-®(f) (A2/Hz)]

where BW is the bandwidth of the recording system and ®{f) is the power spectral den-
sity., With BW = 5 Hz for GRF-seismograph and $=0.4nm"/ Hz we get

average0--p—amplitude = 2nm

a value which in fact was supplied for network capability calculations in 1978 (CCD/558)
as can be seen from Table 1 (column 4).

During the Common Data Base Experiment stations were asked to report noise
measurements in addition to standard parameters and were instructed to read the max-
imum noise value within 30 sec preceding the p-wave (in the frequency band of the sig-

nal).

Figure 22 shows a histogram of these noise amplitudes (Hanka and Henger, 1980) for
station GRF. Although this data set is rather limited (70 values), and not well
represented by a normal distribution, a calculation of mean ind standard deviation shows
good agreement with Ringdal’s figure (Table 1). Besides i+ can be seen from Figure 22
that there is a smaller peak of measurements at about 0.3 (\he value derived from PSD-
data). The majority of data, however, is shifted about 0.5 to higher noise values.

If we assume that the procedure demonstrated for GRF is generally applicable then
the conclusion can be drawn that average O-p-amplitude noise values (from PSD-
estimates) are not appropriate as input data in the detection calculations but rather that
tlie actually measured maximum 0-p-values, taken over many samples, are required. Of
course, this conclusion is closely related to the specified signal-to-noise ratio r = 1.5 at
which stations are assumed to detect an event. In the algorit! (Equation 1) one could
always compensate for systematically low noise estimates by i1. .asing s/n-ratio tor = 5

(for example). Commonly a value of r = 1.5 is more acceptable if correct noise data can
be found.

Thirty-nine stations (marked by an asterisk in Table 1) were used to compare our
results from the "model network" with real station data. The geographical distribution of
these 39 stations can be seen in Figure 23. To some extent this reduced network

14

B T . . et e R S
..... .

-

~pore
v

»
[y

A
Ala s d

-~

o
F S e

R A

F', 5 "- "l

o a2 ?

4

4

o Yy -

AR,

- l'l-
N ANAN

b WL

'- - - - ."‘. '.- '}).'-. ’-1 ". A 'H' . .7- "I ‘--".ﬁ -: J )
P AN, YOO T W g T . T T SRR I DG D s P e T P

e e e A
b VYRR T AL TR SN



I U L F N S e

e/ &

',"J
a

.»
I

O

R

s /

v
v

PR

1

7

X

-
]

v

.\--..-

e

e

represents a mere even global coverage than the 50-station network. At first we exam- P

ined the effect of the reduction in station number. Figure 24 shows the detection capabil- ?.

ity of this reduced network whicn is directly comparable to Figure 3 because the same '.::-','_:
attenuation curve and same station data were used. Alth>ugh we have earlier reported :::

from previous studies that a smaller network of high-quality stations is preferable to the

full use of all worldwide existing stations the small effect of reducing our 50-station net- s'";:
work by more than 20 per cent is still surprising. The difference of detection threshold is ).

at most 0.1 magnitude unit and therefore negligible within the numerical precision of our {:-“:

results. :;f‘;r;'

N

A significant change is, however, accomplished if the new station data (noise statis- 3‘{-‘:

tics) are introduced (Figure 25). Magnitude thresholds are increased by about half a :' )

magnitude unit. Ringdal (personal communication, 1984) used his station detection LRy

thresholds and recurrence estimates from observed earthquakes in 1980 to obtain detecta- :'

bility thresholds for regions with sufficient number of observations (Kelly and Lacoss, :-::_:

1969). His results for the same network are shown in brackets on Figure 25 and a very ‘:‘_:“:'_

good agreement to our data can be found. The remaining differences are well explained ;:f::;
by the different methods and should not been further interpieted. '
VI. Conclusions el

=

Estimation techniques to examine seismic network detection capabilities including ::‘}:

multiwave detection criteria are well established. For a representative globa! 50-station e

network - composed by an international group of seismologists (CCD/558, 1978) and ._~

further studied in this report - magnitude thresholds requiring a 90 per cent probability of 'x::-:

at least four detecting staticns range from: ;\""‘

3.4Smb<3.6 for Scandinavia and Europe ':

3.7€ my <4.0 for North America, Asia, and Arctica -:

3.8< mb<4.3 for South America, Africa, and Antarctica ::}‘::

4.0SmbS4.6 for Australia, New Zealand, and Pacific. ;.-\

Current teleseismic detection thresholds are at least half a magnitude unit higher. ':-:::

The discrepancy between model results and actual reportings can be explained by adjust- _

ing station data. These data have more influence on global detection thresholds than vari- :::-':

ation of amplitude-distance curves within reasonable bounds. After estimation of noise %
statistics from long observation intervals predicted magnitude detection thresholds and [ o
empirical values are in good agreement. N
Considerable improvements of existing seismological instrumentation and practice is :';'_

needed to achieve those values predicted from the model network: \\

|
e To lower the background noise of stations we recommend installation of Fr

seismometers in boreholes or use of miniarrays which offer the additional R
benefit of phase identification.
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: e Station noise should be permanently monitored by reporting noise values in N
n connection with conventional station readings. '
. e Automated detector algorithms should be implemented at all stations. 3
* o Data centres should use all relevant information for defining events, i.e., use L
- more than p-phases (especially pkp) in association process.
e Amplitude attenuation tables for all distances should be standaidized to i «.
- specific frequency bands and applied to amplitude measurements from oo
; identical instrument responses. A
With these modifications a global 50-station network is assumed to conie up to telese- e,
. ismic detection thresholds as predicted from our calculations. N
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BOG{BOCO) 4.57 | -74.04 0.30 | 0.20 188 0.70 0.20 v
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COL 64.80 | -147.78 C.70 | 0.40 2335 0.60 0.12 ’
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KHC 49.13 13.58 0.48 } 0.30 979 0.70 0.20 .
KIC 6.38 -4.74 0.48 | 0.30 782 0.70 0.20 v
KSR 38.00 | 128.00 0.48 | 0.30
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MBC 76.24 | -119.36 | 0.78 | 0.45 1550 0.48 0.28 \
NAI(NIK) -1.27 36.80 0.30 | 0.20 127 1.08 0.20 ’
NAQ 61.04 11.2 | -0.10 | 0.15 1247 0.30 0.24 .
NIE 49.41 20.31 0.70 | 0.40 138
OBN 65.17 38.60 | 0.78 | 045 728 0.78 0.17 v
OTT(GAC) 45.40 | -75.67 0.30 | 0.20 108 1.04 0.50 ’
PNS -18.27 | -68.47 0.48 | 0.30
QUE 30.18 66.85 0.70 | 0.40
EBA -77.85 | 166.76 148 | 0.50 863 1.0 0.20 .
SHL 25.57 91.88 0.30 | 0.20 0847 1.08 ¢.13 v
8NA -70.32 -2.33 1.18 | 0.50 125 1.18 0.20 v
SPA -89.90 710 | 0.80 | 0.40 1188 0.85 0.31 ¢
SVE 66.80 60.63 0.7¢ | 0.40 868 0.85 0.18 v
TAM 22.79 5.62 0.60 | 0.35
TLL -30.10 | -70.48 1.00 | 0.50
WEL 4120 | 174.78 1.48 | 0.50 150 1.48 0.26 ¢
WES 4238 | -71.32 1,00 | 0.50
WRA -19.85 | 134.35 0.30 | 0.20 3168 0.70 0.28 ’
YAK 82.02 | 12972 0.70 { 0.40 1015 1.04 0.20 ¢
YKA 6249 | -11460 | 048 | 030 1727 0.70 _018 5

Tablel. Stations used in network-detection capabilit

PR ) PN

R R N
PR SO I AP P P A

Q20059890

<= O

=" 3 A
S s IR R I s
f_n__l.\»‘.;ﬂ.l___m).x-w. .

- -
J -
“o M T

computations with noise
statistics({mean and standard deviation of logarithm). Diflerent estimates are
explained in the text.

- Q%

’
.
0

B
P
It

y ,l-'-i
h

L%

Loy Iy

2 ‘a
PPN
g 'l .l ‘I .I ‘.

v

a
'S
.
e,
he'2

e

.,

-
Ly

.
oSl
.

a

.
"‘- w

‘."4:"
S
[

]
i

» a4 LR s
LA A
w Bt M

DT P

v s

bt ‘J

Py
PR AL
e

. e
s "1 %

NN

’

Py

oo a'F S
Tt a

N T
COP L L4 9
Wl e e O
MR 2

4,

'y :.. .“.
Fohd




; 5 T™TTY Yt T T T, T, S B R e B CReTE s e e ;
I > I PN . “ e v, st SR AL I\ﬂ\!\ﬁ (e i e TR M A A . 0 ;O WY
“ S -. u..\« n.h.-\h r\u...\-.--.\-.n. .-.....N I T T e e et e LN ..‘.....-. N A A A H e ', . A T A PR P ... ...... {
= 2 ' \q:lu.\.&.h-%- TR S Rt SR TRt LS ‘e A I Al PRICSICR S SR | R N PR 2, oSV e JERE)S PR S »
s . ! c] N

&, R
Ll e e ma

.o
.l
~
ala

T,
.

(CB/ZBY) BSS/QDD WodJd4 S5UDI P LS OG> YdOML3SN Jiwsirag | EQO|§

= . \\;/:<\)Ll“\\1\\\\ [

>’

S prEioD 405 AL
L P . P

.

.

Cu <o O 0 Ny o 0
AL SRS A
ASAN AL AT A A

-',;3}‘

%

/ ~ A ..-r--

” "oy

N « \v L
Y I ’ K

'
%

PO N

L]
"—'.'-..‘\ ‘. ".l
. 4N

l
S 50
-'t.
F. l. .[. A‘A

.
v

8
b
oo

s e T
- .

F—
2

?
o
7

\VA,

R

A PAAFEEEE AU WL AN v h o . M N L c ..
o ° v e n - - .
. - n- - -y Aoty 1J ,I, .-s..h. e {a;. 4— mm~. s

o e A R
whj :DW%) up.\._»w.. ..r....._. DG #r....a..q....
.?l A,chrx...rr .r




s e 1, %

A Ay vy e P

S d

€ e a Ay Ty

*\N--.-. B
PP

Y e

P T R I

S emane ®

studp?3 ~e === =

NO'SAR(smoothed) studp?70
GUTENBERG

EVERNDEN and CLARK studp71
VEITH and CLAWSON  studp72 — =—— —

12

. -.0\: -
HE
' ~'.
it ¥
T

SSIC WINDOY

bt
-

==
TELESE

L
v,/
i .\ i
-1 J
¥4 — e =l
~
i -
| g .
N et Y i\-!‘\|\»\l\|\\- 1 1 1 J
) g WorIvd- Q
: < - 7
! i
-9
S e e MR SAL e AR S e

ATl SRR ........

.....h\ i,

P Y T
L
o,

SN

e

A

1
1
A

5 -
o A

A

L




Pk it LI <hu|h

JO

» . P ; ] 4-
K - \..\..- ..\;- ‘2% r \-\x—- 4 \- .u. q-‘\-n .U
.I..-.J call ..--n\v\)l.\h, el [T P P PPV A : .A
.3
a
.-- JL_
o .-\~u
o .n-\»“

e

ansna uajie ggdpnis  § [= goad ysadyj-/d uobi4elS-(g

.
i

&

.m,/j\/m.m_zjm_,_mfmzm:m:m.zm,zmr_ LA T Ch TH &R ENR Th EH S Al hh g o7

//\/L/\f))\x(/\.( I

:
|

o

.
[ N

g

['al
=
U
= §
o
= g
M
>
o~
=
o~
=S &
N
=g
o~
= o
N
=3
o~
=g
o~
=
(@]
—
o™
=¥
o

H ¢ h 2 R h &

N
=r
=
=
o
=r
o 2
=
=g
=
=
=
n
=
.

PR N 2 »

h ¢ ¢h ¢ THh €

:r -
H’a\
N
S o]
N
o
o
= o)
N
=r
N
=
"a}
b=
"al
B o

OKH Oh TR UhJOH O%h

=
o~
= g
(g
(e
=g
N1
j

‘
‘s
1
A
d
1

T
&
Po of
Fhals

~,

-

-

-

pon |
PN

o
PR,

B g

x
=5
—
S
)
L V.

\qm
S bl
n
E
~t
m
N1
N
N1
e8]
NI
~
N
a
N \’m

B 2 [ { %

v
-
4

™~

x_ N
~

4

N

Cade

el

B 2 B

L2 (Y 8%

4
@QA\ g N‘m.N .8/ /T 39 9% 3m.wwm..m T g
y 7 _
/}PII.\J /AAVVC
i mj%/r . 498 39

PR R/ e, ' . PR 8 F. Tl w's s &y LN P,

AR S AR
.0;“-_-.\.;.....\ z -.Iv”‘..w.-.uv,.-‘ T, )

~
N1
Ll
(=]
N1
S
)
A

..‘
.
1At

Ca ™
Aal

NL Y
N\

N
m
N
-"
.

N1
\f@*\\
m
N
V
~~
N1
~
N1
|
X
-
of S

-

T

e

Wt
- .u.
aimt s

r
Icr
| N
(o]
£
|5
W
()
~
N
r~
(ol
al
N
~
N1

»

4
)
L

N1
e
. . -

\
-~

LS
5

ol . Y




P s
e e s
5 e " L a
LR B e N 2 v Ty » B .
-....H-.-\\,\.h-\nw et ] D T T 2T T e A

* .
PP
o.ﬂ

ST YN

(4

-?

o -
217

4
-

N
VR

i

aAdn3 uaptie gydpnis 5 Q= godd ysadyy-h/d uoijELS-QG .i.WL

-\““ o
B X

hh 2 H

N
=r
NI

=
o
=
=
o
=
-
=
T
b= g
=1
=x
=
2l

m:m:m:m;m.m:m.zm.:

=g
—T
=
o
=
=

RV

N
\"?ﬂqz

o U 3

S

<

S h 3 Sh hH Th T H h g H

} 3

N
=g
N
o+
N1
=

e H Th TH ThHh hH Sh S Sh SH ShH S S h 3 h

- -
LR WS

LS AT Y

o

=p
b
=
D
X
—
~
s
N

h ¢hH Ch THh

e
= of
oN
=
N1

‘h 2 H &h TH 2°h %

b= = g
) —
o = g
»
i m -
N 1]
O% ~— )
» * .
/\T N
-— (e | N
= p= b=
o NY N1
=g =g =r
N NY N1
b p g =
N N =
= =X e o
N1 = oo ol
= i b=s ~L
N = o
=5 = g b 3
h n L
= = = o
Al \.- .\~. -.‘. ~-. - ~M-
A AR AR L AN

ai
N
=
x
i
=g
N
o g
N
=0
N
b=
o
= )
N
=1
o
b= o
LS

=3 I

-tk

L
::-&'.:L

I

£ [
o
==
o
=
oN
=
oN
>
SR
5 1% I

7

x
- J." »
| LnT

N
(es]
N
7
e
L 3
\/P @
=
o
R0
m
N1
m
[ N
=
)
N+
[==]
-
4
e ]
= §
" 'q.."...‘r:‘.':. ‘e

m
@
|
<
m
N
m
N
m
N
2
Ay

m
N
o
N

AR

7/
(8 )
3
Q
e
ﬁ
o
m
vl L]
N
o 7
il
NN

.,

P
8% Beev8 8 B§ 89 RI)E LI E 9 (% (% (5 K8 (5 BHF 8% 8

N
o
w

-1
e
-® .




O L-\ln\‘llv-ld 1 m.
SEOP A0 o « « B e DAL L hi"h Y AT R W A TR v z
) EPLPLN S e 7 |- oy A A SN A e N WA NS T
Ay e ot O ......, * -ty O i, MR ol als \n-\. P , - i)

mw& R AR B A AL [Pz e LAY LT

sAan3 uayie |gdpnis § gz qoud ysadyi-p/d uoiieis-gc S

ch S h Sh S H 2% 2H I h L H th I H I h O OA L H Lh LH CHRCHK Th &SH Sh & &h & H m
T /H,\/v\/}\?J\\\
/\/{Q\/L\./ff 28
ﬁh
L

n h h N

=
N
=g
N
b= g
N
= g
o
=
o
= g
N
b=4
o
nl

at

o

e e
al

§ Wl

e

z N

-
o
b= of
o
oN
=
oN
= &
T
-
=
>t
-,
. 3

R

T
AR
L‘J\- .l

—t
=N
Zh T h

'
TTThRTUH

0 h O h

BZ B %

m
.
o
N
(e
S=e
m
N
m)
N
PN ¢

B 2 B %

ta {::{

m
N1
,~

A

e
SN
Lot

a
N
i
.
Aal

O

Q
B g mé,mm_mmm»/mWJaNmumNmm_m g [

- - .« - . e . r oy Yoo,y
- - . » e, L B o a . Pt
A SRS AT AP R e -

P A




3AdN3 u3djte gy/dpnls g Q= goud ysady4i-f/d uoi e LS5-C

B

2

al
N1

Besve 8 BE B9 LF)LBIpE L9 L8 L3 L5 Lz &g 8

b hh hh hf hh &K T h EH S h &K &h m;\WEWmJ shoE o h ff h SHoShoSH S L
T
</\}>).r
h G H ¢h ho 2 h 2 H 2 h &H ¢h H @h hH ¢h H hh hH hh 6 Sh GH Gh 3 H 3h fy
[= §
SHah'h h'H &h & H & h &R Ch TH Eh K Eh §H Eh & HE G R Sh hig hh S 9 h 3H
B 35 Fh % A T H T h 1 TR TH Ch CH Vh/lH 1%h CH £h hi hh hH hob i
. > : AN
b T o L'n oVR (6°d 0h/O0H 0 h O R h*65 g 0"\ I'H T h $H h hH §h fy
&ﬁw!w
" ¢ H ¢Ch ¥ oW "~ U h/FV H ¢ h T H Zh T H T h H
E s
£
h LR L'h O BE O H & ZH §h THEH i
TR 6 5.5 & Oh 64 6 ¢ ?ﬁ(wm %5 T h o1 h 1 A
h i
< x » J

h 0 R Ed B¢ BY (% B g ﬁ% *= 8Y 6% 0H{ODh OKH O f

Ry § N\ e,

b X J . \./ v .)J : J\\ o
WNJ%%m 8¢ 8d ¢ /9Bt £ L Sg._ <99 ¢ B4 8 B 2 Agmm\mm B 4 6 ¢ B 6 & 9

x

N
AT
T

W I

g

o

-

e

N

-
-

-
Y
At

-
»
P
-
-

L

|

< Lt

S W]

-
e

P



U

|

(ge]

1/\\/\\/\l\

H 0 h 0 R

:/3\/,: L oh _J_g]o:

S

0

0H 0h B Z

B

B

~
umm
| 5% 8 g
L~ I\
M\Wbm

"l
N1

v
g% §
D
‘94 9 % & 9
C % G 9

wiafa

Al athalad

-
P S

als

Xalia

ala

o

al

\m\nme

T
»

-

FULE Vat

/H\/v

T h 0 N

-
1

an

o

Al Aialall

G

.
N,
A a>alal

e

o

.

o

L SR N

\.

-
.
.

s

-
v

N

<

.
.\
LY

al

s:{:‘ .

N

"
-
aX

Rt
.y

X

o
-

|

-
.
‘!

",

-

al

- 'F...

<

(.‘h

.“-:“.r
- N

.
o

)

p;

Y
L

Al

- m e
-

4_-1'2

"™

o,

-t

oL




3adnd uayle gzdpnis g h=

N1

0

N
™

-

=]
28]

o~

NY

Q

(o=

o

et

-

Y

P O

o
-.P'- Y AN

o
.

R "
WV NL I k%

LY

s |

Y

L
]
1
o
M
F

AL

-l




| 3 DEC 1983 BD-PASS -
3 FRANZ. ATOMTEST | A4z %

BN
' A'—'-"l"hm Tzo,gs

C4 T i s NN WA WAt 2

BN
[: 3 Z WMMMVN/\A/VV\/WV\NMWMW\J\M/\/\/W 150
."\:‘“

e i, A8
= PR

§’ .
ii ]
u
)
!
b
»
h
A -
o ol
» 0
- -
-
L]

02 ZMW“”W“M“N“““MM”MMWWMAMNvawwwmwwWgf
B1 ZWWMM%NMMAWMMAMMNVmeNWAN¢NMMMMMW%§
A3 ZMWMWWWMWMMMMMWA
A2 Z VA A AN AR AR ANANLY
17:17:10 10 S

"Fiﬁ.‘}s » French nuclear test recorded with GRF-array. | -




;.. -_ |
LY -" 3
'.p o
P -“

x -

p s
! ™
-
- ch
&

ag
NS "
‘

G | RSNT

A 1 .
ol I n . //,”_I q R o . £
555 00 | VN AN NN AN AAAMANAAANA S s,

35 RSN V r}
.OQIGIMAL RSON{I\/\/\/\/\/\/\/\/\/ \f\\/\\ WW " /\'\,/\'J H
S il A" | "
B b A

. T W

2

L
Y, -
b .:'1
l’ » —J
# h
o

o

-
» ‘j
b

, %‘3{337” Sousn | RINT o
oo N\ o

. (r 9 LA AVALVIVIVAEV, WY NANNAAA~ N . ) L.‘:_:
25 o0 v R N W\/\Nf\l\ﬁf/‘ VAANAAAMANAR AN AR &
IS 1,2 -1 8 g A A, \MafMean I TR—
e B P-FiLTER REoN WI\N\A\M[\’W% LeANMANY B

:. :;. M"\‘VWJ\’\N\N\N\/\I\/\,\/‘» :‘_—::
N i . RASD m/\/\/\f\f\fw«wv\/\«,vaJ\f\/\/\Nv»\M/\M/\/u\N\ e AN -“.'-::
T "\/\/\Nv\l\/\/\/vv\/\/\l\ ‘:'-':

| ’V\/V\/\/\Mf\/\/‘/\[ WI\NVW\/J\/W/\/\M/’VVV\’\ANV\/ WAL AN

j (W)
8

W

r 3
~ 9
,‘-‘ -
~h :
N o
R
“
LN

“Fieto: RSTN-recordings of French s -
—3= Upper traces ave ori ren dartl;l,dear test (1.2/3/1988).

x lower traces are ban pass-filtered, S

~~~~~~~~~~~~~~~~~~~

e ol ey Ty o g e I e gl gl <l g iy Ol i Oy D gl e Tl gt T e e e A R R Sl i
TR T . A W L I T O A Nl OO ST T YU R U U AP T . - SO L T L ., T I R U L L, S L, T Y, L .

R Tt L T



T .....‘ﬂ-...~ P .
A|ﬂl -.-I x Inlnl‘l

e e ERAYCEY, .
Al e \..x.fx.. RN % ey

SuoOT3IkAlasqo 9 JO ¢

-0 0 *0 S*€1€ 9°0f L°
- %0 ‘0 °0 L*GTE 8°8Z L°
. 0°00€ T°
_3'h = 3 g0 o0°%¥ 6°01€ L°TE €°
?24h 80 3s 9°90Z 0°
= *0" *0° 8°6X 9°t0Z S°tI1 6°
. *c0T 6°SSz Z°
¢ *¥1z ¢°0f S°
7es59s UT) (£°€6€)

NOI®3Y 09YI34dIHOHV NIOWYNL SQ09  HA¥6

! 1\ -\ .\ uﬂ... \.. . 4\ u.\ »..

o T Y
VY, SRR

. L ¥ 4
AR EASI fhﬂ-.. .-. I .-. --« nﬂ. GJ o

OO I UNM Mt~

P Ay

uo 9°z

- A A
LYl
(ue3aq)
E°EV1
(ueaq)
.6°68
9°89
0°Vv9

(s°+01)
LB*BET~

X DA/ T/ AN SO P4 SR A
n.l:._...“-n..-n..x..f n.xﬂuu- b L Nnh.h.\\\n-mu., PRI IO A -‘.I DA A -, Py

3

-ONM Tre Sursn uorsojdxe youalg JOJ IMNSsI UOTIRIDOSSY

ST ,-\.\.—\—.- . ..\.- Fefala N T L a ]

W...a<q-‘. L VT e Ty b
.
LA Rl )

PR A S T - 705 o °
R

o

.
[y

IR
ALALS
L O W

.
---.- ’---.--
SN T

NP S SO SN

N W S 2PN

m %0
s
P RS ¢

I’

'qQ) e sadessawa

i

3 -
._‘_q_ o
LN W SR S

o,

-

P
e .

s

s
.
-Na

suUOT3lerAIISqoO Jo Joli3d nlepuels
$qQO0 1 uo’( °Q=/+) 0°y=qu
T  40dMd G*EESLTLY

%

..
aflada

d JHX

.

$°0
£°0

T Jadxd d 0°6E:LTISLT nAUd s
. .....-(
£°0- T @Vad¥d 2ad¥d T°9€23LTSLT J¥D o

YNE
v1D
oY .

vet
S°0-
b1=-

S EPI0TSLY
0°8 6 L1
0°8€:8 (L1

e
e B - S

d
d

s

T d
T d
T 4

$10J113

N

(9°S¥3) (6°#9 ) ‘Pis W

G56°0Z= 'S°F :8S29T| €8/E€ /21 61 IN3Ad Wwa
3
._'- ' v_

A
%

¥
i
K




. LW S M N LTt i - . N 2 T ¥ N . .171-..~..»..

. ey ¥ v 5w ‘H . 4 / a5 N . P — 3 , Nl‘\ > .

PPN DT g T T T : s - i
he
%
N.‘&

, 2
]
1
) " 9
“ &L
\ID
- iE g
E
£z
s mm 5
28 g
: m
i g ;
- m Q
h \F

P wouavi- oW s

~4.5

PR .
DI R ._-
O P N Wy, T, WY bl




; A .‘0\1141‘
AL A B R

__.---N d-\-n -*- -K- J\J—

Y% S55S

- o —
.\....\-_..\L OO -\_

W BRI I

o«
g

.
.
at.

3A4N3  U3fie-YHGSYON & 0= Qodd ysadyy-(l/d fsea| 1eYh/¢dyd+d) ¢“
..m,w_lﬁh.. v

-
S

-
- o

= g

"
45

P A
g

a afhaK

0\ 0 D:mmmmmmmmmgozo_:mjDg\\m_\mwmzcjmma,lo_:iﬂq\jg;mzuja 0 n g

-

| PN

.
.
n

=
b= of
(]
55
a
-
=
-
=
o
=g
ca
=
o
=
[ ]
=
a
B
ca
==
a
= 1
(o=
=
==
T
a
=
o
o
o
= g
b=
v
=t
—
=
-
"‘l
Talat

o “h

e

{

%
=t
o
N
m
N
a
=
a
e
a
(=]
=
a
x
a
=
(=]
=
=
a
=
b= i
=
a
T ——20
a
a
b= o
a
po g
m
N1
=
b= d
o
-
oN
=d
Tl
» Ll
S 0. OV

(o |
J =
(e
P
=
]
=
\46
=
(e |
=T
—
=
a
ay
N
uy
(= |
=
1]
(o= |
oy
—
=
oy
N
oy
a
-
ﬁ
=
=
(e
o
= §
ax
~y
oy
a
Y
(em |
=
F-.l »
o

L
»
L%

w
e
--._‘. L

NI
m
N1
N

x
m
Yl
x
L
(=]
=t
=g
©
=
(=]
=g
o
=
o
o2
(o]
=l

By

.

'k

B'2 B9 BT B BYZ |[BY 6B/ 6Y B

‘W
Py

>
Ey

m [es|
x
N1 N
x ™ F
Nl
x
~
N N1
m [se
N
fou}
N
@
|
&]1 *nef
f QN
-
(s
=y
/ o =
=T =)
(an] —
- =
o a =
s
= o =g
(&= (&
= =
e T
{Aﬁd‘&:{“‘-n“-‘

[

~
K—L}Q
Ny

[ss]

N

es]

Ny

[es]

[ea]
g
N

(oa)

x N

+

og

N

leg!

IN'G

m

r|

o

N
o Tala

5)
of TR
N1
~
N1
~
N
| L
/J
>
L'y
M
B
a
&7
a
N1
(o]
» N
m
N N1
\eY
o
N T
a
N1
V.'l .-.‘--
l‘-l" Y

x
»
g
N
~
N
~
~
~
<
~
N1
~
m
N
:2
m
N
m
N1

i
f7

//L ()\().\..\./.I.
Q.MEE.K,MN 3¢ 99 93¢ {9 (¢ AR NIV E AR ERETE:
4
B
W s TR T T P A A SR
| LS PR R ST,

AT | ® .-.-fmv.,-.-.r.



a o v & e T TN S A B e P Ay v Y & nﬁ;‘% s ¥ e ¥ - \ﬂ--n.h.\|-.hls. IV AL N I 0 e \.
PG sl Dt MLt aR e A (3 Jou o' Tt v---.a. P q I S
nnn“~\-. .-.n-.\-.\.u\ . Ve e --u.-: --.--» -\-u -L‘-.\-Aﬂrhuh G n\.ln ‘T i«tﬂﬂ uﬁ» -\.\.-__- [ o .»F..-\.fvh-bn-...fvv(\-U, ke v S ..‘.J

o
o x
.
. ) KaE
..1
o
B

T
—— e—— o o=
- m m . o ey

A

o [=]
58 &y 1
35 T5
onwu Lw
Sﬂ S-m
- S E oo i
oY% P 3
52 LT a3
gy 58 g
B S -
- 23883 1 g
S 33 >
mmwam 2
S283T S
Rd 3 o
P M@Mm 1 ¥
2
o

o .
7 %
- -/ ’- -
)
]
]
\‘ “ .
]
P ' u\
\\ \Q\Ql. h “ —
\\ “"“
- -
A -
.-
ceewera2zy uEnEch —\ﬁ
- J 1 1 1 1 1
w0 o .
‘ ¢ = Foovi-4 I 7
A
' e
VoA
{
K
9
ol
7
.....a
! LR -
. X
l.i\
; R oy %%, oo Sy k ; 9 e o7 < N e Ty
X, AT ~ YA B R P A S N S RO I T £ N N o s
s

RIS, TUASICARIIN X RAAA
TR UL AR R T A 4




3AJNI uWajle 3|Qeys, [ [O= godd ysa-yi-h/d cm;m_«mumm..ﬁw.wu

0\ 0% 6% 6% 6% 63 6% 04 0h O0f O0h a.,_\\m\m\azaz mmowcm‘d\: DN Oh OR Lh 0N

I'h 0 6% 6 I'h ' H I h 0 Oh O 0N O 0Oh O Oh i H Oh b mmoj:,,z_.::_
o g

Bdnb T 0O O h O L h O 4 L't D K O0H Oh BF L h IL'H Th T H
'd

h
RIS
"
L

@
N
m
N
ca
o
N1
q
P g
3
=1
==
-
(&=
=g
-.’:\
LY,

E S

, {I
N,

‘\.

9 8% B §

n
o=
e g
o= ]
=
&= d

o
=g
a
=g
e
. ¢
.

7

E ¢ B B %8¢

oy
~y
oy
oy
N
oy
N‘..
1‘

% .
_ujg;D:mnmm eIl
4
/
<

»
MW

23

mmmm, LY (% (94 (L% 3

N1
~
N
L
~
N
~
“‘\
[sa]
N1
@
~N
(eg]
N1
o
Ll
o
NO
Lty
-A(

o

o

A

L~
,
o
R,

~.
N
~
L

5% 39

m
Nl
LS
Pe. o, N

FTE T T

" B ¢ Lbey'd8 L8 ¢

-

Card

[Vek

Ll

~

waf

~

M
-'.'I

sk

LN

e

-
-

'

e

.” -
-t

T
- N
PN

Xy
<+
.
L]
}
-
-,
»
«
o
-
.
.
-
e
pC
L
v .
i
Y
-
-
-
MY
V.
.
.=
.
Lot
.o
[
~
Y
3
-
-
h.1
.
&-
.
.
.
0
A
-
"
-
- o
.
B Ny




o« L - 1 e F_ 5 T - .
[ - :

L e e t Wt
P R S S N LIRS -
[P IS

L TP T PN
PR Rk Tl R i | T . N
PR AR 5

PP S B T . P !

dAdnNd uayje

J1uoy38y, B Q0= qoud Ysadyi-fs/d uoilers-gc -9l cg

.
o

o\ O 0 h _ _ . A , 4 Ho
/)/*_ B Y B 69 0 h D Lo L 0H D h 6 9 04 Bh OH Oh i H Lh | K




AR R R
A SR S Fo

- W LA R A N N . e |.| .l... '
P ok ..n--.h-.ﬂ.-..- ..‘

I A R /L e e oo PSP MR S RS SEPE
R Y o R R A A SR T AT ARt

T
. T L L)
L q.. -\\‘- 7

. - L . > 1 L4 PR S
p . o . I R g,
- e

nee s wae

S
-
e
4
Al

=
o

e
Moy

NUTTLL (“atable™)

DERR et al.("tectonic”)
Seats.
1

e
SN
e

v

.

-~
Al

LG-PHASE
)_‘LL_" L

s ./*. S
= -

1
Latl

At s

aloatin

-tS }
2
-3.5

.
SO - B KO \

R Y e

o T P O S N

CANNN RS IR AN




T 4
.

St ti . o 3 . o TR R R A gL T
\\ .. 4.. [ \«\».. , .\... .u..ﬂ....u» ~ J\r.%- .-. ..\.. .. ... .J .4 -

o s o fl, % LR
..-u.-n-.in.. R R e R e S -

lh
N
.
.
.
.
N
"
4’-
.-
Y

R NLN

~

%4
£
i&

S3Adiid Ualle | 3|0els, p Q0= godd ysadyi-(h/494|/9x%x¢/B1) uoiieL1s5-Q¢ o
B\g_ B9 BE .9 8% (9 L% (9 Bg& vy BE m.mx\m_\m\mm Bf B Y BR o9 B°¢ 659 5% 6F 6 & b g A

S~ QL/)\Jfr/\\/v\ J ;

0Oh O0OR BZ b O0h O Dh B B2 b B¢ O0OH O0h OH Oh OR DR B B8 0H Oh L R Oh | H

P>

BAnb 2 63 0 h O Oh 0N E': B'Y O0Oh OH L'h

mw.mfumm\%mm B2 b 3
~

| BY UR Bt b e{pt I I EY UR Oh TH Oh 0N
1%
@
mmmmmmﬂmm ) 94 P FS 0h OH Dh B S
h 1../\.1 \
/ . Y
BT 9 35,004 62 68 2 § 3¢ g 6% 64 3¢ b
mv X .
B¢ 9§ g S% &9 Sg hg 35 934937 89 6B¢% B § "
A g

=
Rt

+

b

N
A

<
S/

PN AN o,

A7

& h' g MNAqh

-y

n-.--&

i ]
A

oo Bl wae WS S0 [en ¥4 A B S N T




S3AJNI U3, (® ,3J1u0y33 0=
B\e 6 & B% B ¢ mmmmm‘\m\m\mmmmm#
T~
: 0 h 0 Et 0 Roh OHF 0h
4
m D h O H D' h O K HOh 0K
\\‘.,(/\\.\N \h
5 T E R B % /09 9% y
g
- 5 53 B & ‘g Js*9 g
e FauAN )
Pk % U 3 U
\
£ \mv. BE B §
5% G 7% ¢ g
N
g < g S g =V g
Y =
m\,«me\ %S % G N [ g
8 SV d S8 § g h'g S

WS SR

—_—

AL

-

W S SV

+

n .

LS
A S

!
Ll

ala

PR W SR WSS N

'

A

ol

Pul S a S o

ol aLan onla

R % Do
PN et
Ry

X

W

PR

o

PR . 6. . B

o

AT %,

Al " o

"

£

'8



-y A

S RANENESA f NS ARSI PGS A ERAR L CSSD
0y
| ¥
&
A T T L T ¥ N
L
- —_e
, R e
———————ocoooe “
| &
Lt I R I P R M -q
.
5 —L
\  owomooones o
- Lnd
x
........... ——————— £
lad
g
R — — B
(o]
-
[=]
N W
s 1%«
=
8
i &
_|%=
m
m — 8
(5]
S

a Y &
O £ —1 =
<
i v { »E
] v
. ' w
-— L
| b3

J L 1 1 I

WA
o VoIS Jo rPqwmn ~

‘.20

A

o
. ‘*l
A tmEwPan

n
-,

.
'-‘P. -r

ﬂw‘.ﬁm

» " -
w‘.
%

)
almilm

~ '--AI" -

N

tatatlala

.« .
- N
« et

. .
. .
N .“ » "
- " . "
3 WA

=

«*
- &

.

W e )
-2

w

Ao,
e Na Pl oa

0,900 o0
SR
A

.
Waa'

b

SalmAeA

b o PR

o
PN SE

LR

.

RGNS
e
WL NP PR S

O

ENRREN
- =1
J P

SN
A

-
s

w

ot

'h
IS

-



) % T X R R ., E AL ALl Py .v-..:\.--.u-h!- A'. N T R ]

e ", e YT e LA L L AL ST FIRC RL P n..-.».- L RN 0 I A A TR DA R

o P e - . r PR o ety LR A PR PP J.v.--..-u.- o fa e e Lt R A A B S A AL SN ] ;" i
Ty AT BT WA SOLE | _..\..V...\,.\..W.. |t e SRNSRS LIS e *. & =
A I TR BT ISMAERCE J SR A e AP JEAC R LA A 3
r

.-.-_

v
e
PRl

-
-l A

10

'

PO

-

T Tl
e T

|||
1
SORS N

-

1

0
10
e

T TTTT1
Frequenz / Hz
oS
P

S

& T IRAY
* e,

hY

"
" af aflaRak

-
A
Lt

of

Y
=1
10
A

GRF AlZ Noise

AL
= 7
= "

[ i

- N ..\.

— .-- ni.\.,

B o

KX

3 — 1 .Fﬂx

- o K

o - 2

N X

| £ N

— * .-. .

"‘
[

K
() Q Q (W] (=] (N} (] L
Q S % e) &> @ o Q = I\ Y
m -~ == — — — o QV] o e
T T T ! ! I I I I I X
N e
dSMO achi
( zH/2ee D) =8P 8) aP / d o
’ u-.-. .
o Lot /AR NS, wee | AL
ST A W el




TaTeT e e oY ST oL R S S A U S X 2 e e I iy A LT E SRR o AP PPN LS L
x. SN0 xu......\..«.....,. B I ax.. N A AT b A O A TR AR N OO APPSR LT AL L AN

e e e -

1.4

LR R

4.0

HISTOGRAN OF NOISE-ARPLITUDES Clog nml AT GRF DURING CDBE

3 |g
meﬁ m nllnlnllnllllllllllllllllltntlttlll.X.J
g |E
- ﬂ.m AR A Al AR AR E R E R R R I I I I
mmw @
oo (<]
o
= N 0
358 2 b
(2]
3 | B
SE & ~
WC 8 ¢

S a g - e e" - Y e " v " r n Ny L PP .’ LR
PSS S e N o T A ISR = A PP

oA
.-Ib-K-L b?\\fﬂ\t&.-:.-s”-r \li.v = -\- -i ’, M.\-.\.\.\ v e ey -\...nc-..;% ’r* PLoy . e .\. ‘..--t...«\n-vw.;.o-ud >




e N e el PN N I e i . PN N 35 g ¢ ' ~ T R N 4 O] - PR y e Ch G, T e
“o! ..u 1 -.wn-.qn- P ... -.. ﬂs\u u-q-- LT 3k e |J. \-\..\..- .-- ol -.- -- . ._..... S .\.-. ‘s < g ... ..\.~\-\.-\.. ‘. ,.-. -.- .- \n .-\ ‘-.n\gw‘
sa - "/ y 'y - N * . K L - . . LI ’ . ., ~
.-{\-.!M —~iw nh-\-u”.s-ﬁ \s}.h}-i; - ,-;-..\..\-.- ..- -.-u - -..u \- s ..\-. ot ... St ? B A a4 % vivlela ¥ 3, L)

)
N‘
r

((OBEl)ELEP-DG] wWOJdy SUDILELS RE) F40MLIaN JIWs135 |EQO(Y

[ x .\\\ =
/ R

1.9 '-.I’ ..---‘..‘I-- -
PR, P A - G LN

/
%
|
7
:
;

.« . G O
. "
. e
aSalalsl

E@Q
Iy O AR
Y AA..{L“_.(

Y-

. e " .
- * Wt °
At at Al At atalial

RGN
-I‘.l’

£

!
S/
¢ { «
RN
{ré
L)
%
i

"
nt

r‘é
a
yd
b

é
L
.::n' ate
S

X

a@
L 3
4
[
"’_- Tt
"
}'P:" -

*rta

ol

N
d
Y
o

L}
»
e

*om
)
P o

N
&

|~ =
>

<4

} ;

sy

.
o

‘.-':f.. &

* -

- -
CINE o)




3AdnN3 uayle gydpnis f 0=

hHgh 2K

{

(NS

-1

R 2 h C N

-

MmibhBala

.

|

O

Al alarl

N

o

= 5
N

-

Dala

L fa

.

St

=,

e S atata

At




el oAy WL

s
a8 T Ugy 90

0 A L T SRR o )
AL ST ER faidl

06 0= go4d ysaayl 43p-¢ s53[34 |/dyh/d-uniie15-36] (S ..MNW.,..H

s b

(Ao, L H Lh Lfi L% 31 34 3K 30 30 Sh S A G 3H 3h 3H L™ LR h LH Lh LH Lh LA
(// =" =]

./\»/\i/\'}.lL

| 5

<L h o

5h 37 93h 3 3nh 3§ 3nh 3§ 3N LN Zh ZH B8h B Bh B 6N 6 03

1 i

ol

(/< h v

3h 3 9h 3 3 h 9 H 3h 9H Sh IHLEG L Lh L L BH BHR &1 4

4

A

oy

1\ (3/hX39 H> L b

Th CH Ch SH G mjm:mzmjmgm3R3J3N:N3m:mzm; 5

Y A

'

(S h) - NEHP @8 N

S h hH HVh [hH h hfh H h h hHh :nmzm:m;m:m:m:x:mjm: ..«.,c.

.-‘-vh

(3 4) N S b8 b (S X h) _ _ 4

- mm.mjm.:m(mmj T h H R heG A & h 3R 3h 3 H I F I H .

R Rt :
O x e

\m\ﬁ s Hosh 8H shish eh £H sct"hfeemid ¢ ch S Sh S o

- S 9

z !

0

K& _h> [\ S

g h & N h @ H 2h H ¢ h h h A .m

1 51

. h..Ar“

re.h , o

T h TH T h TH Th e T g 3OX

* m U

| . | i
X 7N (¥ hXE b /D )

I'h TH T ¢ H ZNJ T N 3




